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Abstract
District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
© 2017 The Authors. Published by Elsevier Ltd.
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Abstract
Buildings consumed 40% of the world’s primary energy consumption. In hot climate countries, more than 50% of 
building’s energy was spent on the cooling system. Aimed to reduce building’s cooling load in a tropical country, this 
study compares building’s construction configuration for two types of air-conditioned rooms in a high-rise office building. 
The two types of air-conditioned rooms are: (a) air conditioned rooms operating during office hours and (b) IT rooms and 
data centre with 24hours cooling. Six scenarios were compared using four building’s configurations (baseline, adding 
insulation, adding phase change material (PCM), and adding both insulation and phase change material) to evaluate the 
most efficient construction and cooling settings for both room types. It was found that for air conditioned rooms operating 
during office hours, adding PCM with melting point 29°C and force night time ventilation is the most effective in reducing 
cooling load. Meanwhile, for a room with 24hours cooling load, adding insulation material is the most efficient. PCM was 
only fully effective when night time ventilation was introduced which allows the PCM to discharge. High thermal 
conductivity walls have the potential to create a mould problem in the building (due to differences in moisture pressure at 
night time between the internal and external of the building) which can be eradicated by using night time ventilation or 
adding insulation to the wall. PCM installation reduced the sensible cooling load but not the latent cooling load. Hence, 
mechanical cooling or dehumidifier is still required.
© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy.
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1. Introduction
A building’s energy consumption increases as human’s demand for comfort level increases [1-2]. A properly 
designed building is proven to use less energy compared to typical buildings types [1]. A high-performance building 
envelope normally has one or more of these attributes: a low thermal conductivity (u-value), high airtightness and high 
thermal mass capacity [3-5]. These specifications, if employed, can reduce the external heat gain, reduce energy loss from 
the air conditioned zones to the outer surroundings, provide passive cooling/heating and deliver an acceptable indoor 
thermal comfort with less auxiliary cooling or heating requirement [3-5]. As for an existing building, adding insulation 
material [6-10], PCM [5,11-15] or using a low energy cooling system [16-17] were studied to reduce the load demand for 
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heating ventilation and air conditioning (HVAC) system. There is an ongoing argument on the construction principals 
either ‘light-and-tight’ (higher airtightness and low u-value) or ‘mass-and-glass’ (high thermal mass capacity and a high 
window to wall ratio) is more efficient. However, both serve its own purposes. Light-and-tight construction is the most 
effective in reducing heat loss, and mass-and-glass construction is the most effective in utilising solar energy [2]. Adding 
insulation material will reduce the building’s u-value (reduce thermal loss) while adding PCM will increase the building’s 
thermal mass/thermal energy storage (provide passive cooling/heating). Previous studies on insulation compared different 
types of insulation material, different configurations (either on the inside or outside of the wall) and different climatic 
conditions mainly to find the most optimum thickness to reduce HVAC load. These studies reported that there are 
differences in performance for different climates [6-10]. Whereas for the PCM, most of the studies incorporated PCM 
panels into the building’s wall [5, 11-14], ceilings and floor [3]. It was reported that the performance of PCM depends on 
its melting/freezing point, latent heat, building’s construction design and climates [4][5][3]. Based on the previous studies, 
it can be seen that the performance of the insulation material and PCM depends on the climate, and the installation of these 
materials predominantly managed to reduce HVAC’s load. However, studies combining both insulation and phase change 
material, or comparing between both construction types in tropical climate settings are still scarce. This paper compares 
the effectiveness of adding insulation material, phase change material and the combination of both materials in an office 
building in a tropical setting based on a software simulation.
2. Methods
A high-rise office building located in Putrajaya, Malaysia (Southeast Asia) was taken as the building case-study. The 
building’s data was gathered from the building’s energy manager, field visits, and extracted from the building’s annual 
audit reports performed by energy consultant companies and a facility management company, Pulau Reka Sdn Bhd. The 
building owner, the Malaysian Ministry of Federal Territories, is committed to an annual building energy audit to monitor 
the building’s energy performance. The building’s construction, materials, mechanical system settings, lighting schedule 
and indoor environmental data were utilised to construct a building model in Design-Builder software (DBS). The 
building’s model was validated using ASHRAE Guide 14 with mean bias error +1.31% (acceptance criteria is ±5%) and 
the coefficient of variation of the root mean square error was 8.33% (requirement is 15%). DBS was highly used by other 
studies to simulate PCM in building construction [6].
2.1 Target building 
The building consists of two towers; North and South towers that were connected at the underground, basement and ground 
floors. North tower (7 floors), the underground, basement and ground floor were taken as the case-study. The building’s 
detail is summarized in Table 1.
Table 1: Summary of the building case-study.
2.2 Building modeling and simulation settings
DBS is a complete Graphical User Interface to the Energy Plus simulation engine (from US DOE). The underlying concept 
used in EnergyPlus is Integrated Simulation where it simulates two main simulation types simultaneously: (a) heat and 
mass balance simulation (HMBS) modules and (b) building systems simulation manager (BSSM)). There are two main 
solution algorithms used for simulation in EnergyPlus: CTF and Finite Difference. The default algorithm is CTF. While 1-
D Finite Difference Solution is used in the construction element for PCM simulation. Two types of schemes were used to 
conduct finite difference model that are Fully Implicit 1st Order and Crank-Nicolson 2nd order. In this study, the fully
implicit 1st order is used since it is more stable over time compared to Crank-Nicolson 2nd order. However, the only 
disadvantage of this option is that it can be slower. The suggested value for time step is 12. Higher time step will increase 
the accuracy but it will increase the simulation time. Space discretisation constant suggested by DesignBuilder was 3, 
relaxation factor 1, and inside surface temperature convergence criteria 0.01. A lower value for inside surface convergence 
criteria will increase the accuracy, but it will also increase the simulation time [7]. In this study, the inside surface 
Component Description 
Floor area 40,477 m² (total floor area)/ 35,659 m² (conditioned area)
Occupants 351 (peak time). 
Major zones Lobby, corridors, toilets, AHU rooms, custodian rooms, offices, IT rooms, pantries, parking 
areas, kitchen, cafeteria, cold room, auditorium, data centre and communal hall. 
External wall Brick and cement construction with granite tiles with a total area of 5343 m² including 
1442m² of the underground floor. U-value : 2.898 W/m²K
Glazing Green float glass (8mm). 85% glazed with local shades. Glazing area 4180 m². 
Roof Total roof area 7263 m²
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convergence criteria were set at 0.002. 
2.3 Scenario analysis 
Six scenarios with four different construction configurations were tested on two different types of air-conditioned rooms 
in the building; rooms with air conditioning operated 24 hours and rooms with air conditioning operated during office 
hours. The initial simulations were made to the ground floor of the building (see Figure 1(a)). The most effective 
configurations to each room type are then applied to every floor of the building to evaluate the whole building’s energy 
performance. It was assumed that the energy interaction would be the same for every office and server room due to the 
similarities in their physical outlet, internal content, and air conditioning system. To simplify the initial analysis on the 
most optimum construction types for the office and IT room, only the ground floor structure was taken into consideration. 
An adjustment on the ground floor’s ceiling was made so that it reflects the actual building structure by employing the roof 
structure instead of the initial concrete slab as the roof. This is to ensure enough insulation was given to the office and IT 
room from the solar heat gain so the result will not far deviate once the new construction was applied to the whole building 
model. However, it is also assumed that the heat gains from the neighboring floors are negligible.
Figure 1: (a) The simplified building's model that was used to investigate different PCM and insulation arrangement in different types of air-
conditioned rooms; (b) the cross-section of the whole building model.
Different types of insulations were compared and selected based on its resistivity value, embodied carbon and lifetime 
before being used in the simulation, while PCM materials were selected based on the latent heat storage capacity, melting 
temperature and feasibility of application for a building construction. In this study, BioPCM Blanket M182/Q29 
manufactured by Phase Change Energy Solution [8]) were selected for the PCM and XPS extruded polystyrene, 160mm
was selected for the insulation. The ENRG Blanket encapsulated pure PCM into thin sheet rolls and are easily installed on 
the ceilings. The melting point temperatures were chosen based on several simulations that were carried out to determine 
the suitable PCM’s melting point. Choices of PCM’s storage capacity and melting point play a significant role in 
determining the amount of energy saving. The same PCM brand with different melting point (25°C, 26°C, 27°C, 28°C and 
29°C) were simulated. The highest energy reduction was achieved by BioPCM with melting point 29°C. Different scenarios 
that consist of a different room’s constructions were shown in Figure 2, the u-value and specific heat capacity are detailed 
in Table 2 and the cooling system and mechanical ventilation settings in office room for each configuration are shown in
Table 3.
Figure 2: The PCM and insulation configuration in each room’s scenario.
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Table 2: The u-value and specific heat capacity of each configuration.
Scenario Baseline PCM PCMV Ins PCMIns
Floor U-value (W/m².K) 1.702 1.702 1.702 0.185 0.185
Roof U-value (W/m².K) 0.373 0.373 0.373 0.175 0.164
Wall U-value (W/m².K) 1.838 1.838 1.838 0.188 0.188
Partition U-value (W/m².K) 1.69 1.69 1.69 0.187 0.187
Floor Internal heat capacity (KJ/m².K) 195.9 195.9 195.9 52.9 52.85
Wall Internal heat capacity (KJ/m².K) 139.55 139.55 139.55 78.69 78.69
Partition Internal heat capacity (KJ/m².K) 30.43 30.43 30.43 30.43 30.43
Table 3: The settings for cooling system (AC) and mechanical ventilation (MV).
Scenario Tset AC  schedule MV schedule
Baseline, PCM, PCMIns 24°C 7am – 5pm off
PCMV 26°C 7am – 5pm (with varying load 
percentage. Refer Figure 3 
5pm after office hours to 7am the next 
morning
BaselineV 24°C 7.00 am – 5.30 pm 5pm after office hours to 7am the next 
morning
Figure 4: The cooling load schedule for the office room (load percentage (y-axis) and hour (x-axis)).
2.4 Performance evaluation 
Every scenarios were evaluated based on the cooling load reduction, energy reduction and cost evaluation. Equation (1) to 
(2) were used to evaluate the cooling and energy performance. 
Cooling load reduction (kWh) = Initial cooling load – Cooling load after retrofit (1)
Cooling load reduction (%) = Cooling load reduction (kWh)/ Initial cooling load x 100% (2)
Figure 3: (a) The BioPCM Blanket manufactured by Phase Change Energy Solution [9] and (b) is the image of exteruded polysterene manufactured by 
Cellecta Innovation in Insulation [10]. Images were taken from the manufacturers websites.
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The cost analysis is based on the payback period which was calculated using the price of the insulation material per square 
meter and PCM per square meter quoted from the manufacturers [9][10] for a bulk purchase. The best quotation and quality 
were used in this study. The calculation does not include extra cost to add the insulation on the wall and add a new panel 
after the insulation layer, and labour cost to install PCM on the ceiling. Presumably, the installation cost for the insulation 
material will be more costly than installing the BioPCM Blanket which can be easily put on the ceilings. Equation (3) to 
(7) were used to analysed cost evaluation. 
Energy reduction cost (RM/kWh) = Initial cost / ΣEnergy reduction (3)
ΣEnergy reduction (kWh) = Annual energy reduction × lifetime (4)
Payback period (year) = ΣRetrofit cost / ΣSaving on energy bills (5)
ΣSaving on energy bills (RM) = ΣEnergy reduction × Energy price per kWh  (6)
ΣRetrofit cost = [(Material cost/m²) × installation area] (7)
3. Results and discussion
It is observed that the installation of PCM could overcome the benefit of using a fully insulated room when being paired 
up with a night time ventilation system and walls with higher u-values (see Table 4). Besides acting as a pre-cooling, the 
night time ventilation is necessary to allow a good charging and discharging period for the PCM for it to be effective in 
providing free cooling during the day [11]. PCM without night time ventilation only reduced 22.18% of the cooling load, 
while with night time ventilation it reduced up to 49.21%. The requirement for night time ventilation for PCM installation 
was also reported in previous experimental studies [4][12][13]. An additional latent load can be seen in the construction 
with high u-value and high thermal mass. At night time, the outside air relative humidity could reach up to 100%. Rooms 
with breathable walls (high u-values) tend to transfer the moisture from outside into the room. This high moisture content 
could cause condensation when the room’s atmosphere comes in contact with a cold surface which then leads to mould.
The mould problem can be avoided by using insulation, dehumidification, and ventilation [14]. In the baseline, PCM and 
PCMV, the rooms were not insulated or ventilated. In order to avoid the mould problem the humidistat was automatically 
turned on when the R.H rises above 70%. This resulted in an additional latent cooling load at night. The energy usage for 
night time ventilation was far less than the energy used to dehumidify the room’s R.H and in fact, the mechanism also pre-
cooled the room which resulted in the elimination of peak cooling load in the morning when the cooling system was 
switched on. The use of nighttime ventilation and re-setting the air conditioning set point temperature to 24°C and operation 
schedule for the base case resulted in a 13.69% cooling load reduction.
The total annual cooling load reduction using the PCM installation varied between every office (see Table 5) with the 
highest reduction attained by the ground floor office (148,854.80 kWh), and the lowest cooling reduction was achieved by 
the office at the 3rd floor (76,260.20 kWh). This is mainly because of PCM absorbs heat and only reduces sensible cooling 
load, not latent cooling load. The amount of heat absorbed depends on the total PCM’s thermal energy storage capacity. 
The total thermal energy storage capacity of the installed PCM in every floor is theoretically the same since the type of 
material and number of material used are the same. However, this value is also affected by the effectiveness of charging 
and discharging of PCM materials through night time forced ventilation. Plus, PCM only absorbs heat during working
hours which will only reduce the sensible cooling load. The installation of PCM does not reduce latent cooling load, and 
the amount of sensible cooling load and latent cooling load are different on every floor. In office rooms, latent load 
originated from human occupancy. An analysis of different heat sources and the amount of cooling load reduction shows 
that only the heat gain from occupancy has the opposite pattern of the cooling load reduction. The ground floor office has 
the lowest heat gain from occupancy and the highest cooling load reduction, while the third-floor office has the highest 
heat gain from occupancy and the lowest cooling load reduction. The overall amount of cooling load reduction might be 
influenced by the initial total sensible heat gain and latent heat gain in the room, and the effectiveness of PCM’s discharging 
process through night time ventilation. Meanwhile, for the IT rooms on different floors, the cooling load reduction ranges 
between 3,044.00 kWh to 3,555.00 kWh annually. Applying PCMV in all scheduled air conditioning areas  (the corridors, 
offices and cafeteria) and Insulation configuration in the IT rooms and data centre resulted in 22.36% reduction in total 
building’s cooling load and 13.24% reduction in the building’s total energy consumption. The comparison of the buildings 
energy consumption and the building’s total cooling load before and after retrofit are listed in Table 6.
The average payback period using insulation material is estimated to be 6.7 years and the estimated cost to reduce 1 kWh 
energy is RM 0.0537 (refer Table 7). Meanwhile, the average payback period of installing BioPCM Blanket is 5.8 years 
and the estimated cost to reduce 1 kWh energy is RM 0.0584 (refer Table 8). This cost analysis is purely based on the 
material cost only, in reality, the overall cost will includes labour cost to install the BioPCM Blanket and the extra cost to
install the insulation material on the wall and panel, then add a new panel on the insulation material and paint them. 
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Table 2: The u-value and specific heat capacity of each configuration.
Scenario Baseline PCM PCMV Ins PCMIns
Floor U-value (W/m².K) 1.702 1.702 1.702 0.185 0.185
Roof U-value (W/m².K) 0.373 0.373 0.373 0.175 0.164
Wall U-value (W/m².K) 1.838 1.838 1.838 0.188 0.188
Partition U-value (W/m².K) 1.69 1.69 1.69 0.187 0.187
Floor Internal heat capacity (KJ/m².K) 195.9 195.9 195.9 52.9 52.85
Wall Internal heat capacity (KJ/m².K) 139.55 139.55 139.55 78.69 78.69
Partition Internal heat capacity (KJ/m².K) 30.43 30.43 30.43 30.43 30.43
Table 3: The settings for cooling system (AC) and mechanical ventilation (MV).
Scenario Tset AC  schedule MV schedule
Baseline, PCM, PCMIns 24°C 7am – 5pm off
PCMV 26°C 7am – 5pm (with varying load 
percentage. Refer Figure 3 
5pm after office hours to 7am the next 
morning
BaselineV 24°C 7.00 am – 5.30 pm 5pm after office hours to 7am the next 
morning
Figure 4: The cooling load schedule for the office room (load percentage (y-axis) and hour (x-axis)).
2.4 Performance evaluation 
Every scenarios were evaluated based on the cooling load reduction, energy reduction and cost evaluation. Equation (1) to 
(2) were used to evaluate the cooling and energy performance. 
Cooling load reduction (kWh) = Initial cooling load – Cooling load after retrofit (1)
Cooling load reduction (%) = Cooling load reduction (kWh)/ Initial cooling load x 100% (2)
Figure 3: (a) The BioPCM Blanket manufactured by Phase Change Energy Solution [9] and (b) is the image of exteruded polysterene manufactured by 
Cellecta Innovation in Insulation [10]. Images were taken from the manufacturers websites.
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The cost analysis is based on the payback period which was calculated using the price of the insulation material per square 
meter and PCM per square meter quoted from the manufacturers [9][10] for a bulk purchase. The best quotation and quality 
were used in this study. The calculation does not include extra cost to add the insulation on the wall and add a new panel 
after the insulation layer, and labour cost to install PCM on the ceiling. Presumably, the installation cost for the insulation 
material will be more costly than installing the BioPCM Blanket which can be easily put on the ceilings. Equation (3) to 
(7) were used to analysed cost evaluation. 
Energy reduction cost (RM/kWh) = Initial cost / ΣEnergy reduction (3)
ΣEnergy reduction (kWh) = Annual energy reduction × lifetime (4)
Payback period (year) = ΣRetrofit cost / ΣSaving on energy bills (5)
ΣSaving on energy bills (RM) = ΣEnergy reduction × Energy price per kWh  (6)
ΣRetrofit cost = [(Material cost/m²) × installation area] (7)
3. Results and discussion
It is observed that the installation of PCM could overcome the benefit of using a fully insulated room when being paired 
up with a night time ventilation system and walls with higher u-values (see Table 4). Besides acting as a pre-cooling, the 
night time ventilation is necessary to allow a good charging and discharging period for the PCM for it to be effective in 
providing free cooling during the day [11]. PCM without night time ventilation only reduced 22.18% of the cooling load, 
while with night time ventilation it reduced up to 49.21%. The requirement for night time ventilation for PCM installation 
was also reported in previous experimental studies [4][12][13]. An additional latent load can be seen in the construction 
with high u-value and high thermal mass. At night time, the outside air relative humidity could reach up to 100%. Rooms 
with breathable walls (high u-values) tend to transfer the moisture from outside into the room. This high moisture content 
could cause condensation when the room’s atmosphere comes in contact with a cold surface which then leads to mould.
The mould problem can be avoided by using insulation, dehumidification, and ventilation [14]. In the baseline, PCM and 
PCMV, the rooms were not insulated or ventilated. In order to avoid the mould problem the humidistat was automatically 
turned on when the R.H rises above 70%. This resulted in an additional latent cooling load at night. The energy usage for 
night time ventilation was far less than the energy used to dehumidify the room’s R.H and in fact, the mechanism also pre-
cooled the room which resulted in the elimination of peak cooling load in the morning when the cooling system was 
switched on. The use of nighttime ventilation and re-setting the air conditioning set point temperature to 24°C and operation 
schedule for the base case resulted in a 13.69% cooling load reduction.
The total annual cooling load reduction using the PCM installation varied between every office (see Table 5) with the 
highest reduction attained by the ground floor office (148,854.80 kWh), and the lowest cooling reduction was achieved by 
the office at the 3rd floor (76,260.20 kWh). This is mainly because of PCM absorbs heat and only reduces sensible cooling 
load, not latent cooling load. The amount of heat absorbed depends on the total PCM’s thermal energy storage capacity. 
The total thermal energy storage capacity of the installed PCM in every floor is theoretically the same since the type of 
material and number of material used are the same. However, this value is also affected by the effectiveness of charging 
and discharging of PCM materials through night time forced ventilation. Plus, PCM only absorbs heat during working
hours which will only reduce the sensible cooling load. The installation of PCM does not reduce latent cooling load, and 
the amount of sensible cooling load and latent cooling load are different on every floor. In office rooms, latent load 
originated from human occupancy. An analysis of different heat sources and the amount of cooling load reduction shows 
that only the heat gain from occupancy has the opposite pattern of the cooling load reduction. The ground floor office has 
the lowest heat gain from occupancy and the highest cooling load reduction, while the third-floor office has the highest 
heat gain from occupancy and the lowest cooling load reduction. The overall amount of cooling load reduction might be 
influenced by the initial total sensible heat gain and latent heat gain in the room, and the effectiveness of PCM’s discharging 
process through night time ventilation. Meanwhile, for the IT rooms on different floors, the cooling load reduction ranges 
between 3,044.00 kWh to 3,555.00 kWh annually. Applying PCMV in all scheduled air conditioning areas  (the corridors, 
offices and cafeteria) and Insulation configuration in the IT rooms and data centre resulted in 22.36% reduction in total 
building’s cooling load and 13.24% reduction in the building’s total energy consumption. The comparison of the buildings 
energy consumption and the building’s total cooling load before and after retrofit are listed in Table 6.
The average payback period using insulation material is estimated to be 6.7 years and the estimated cost to reduce 1 kWh 
energy is RM 0.0537 (refer Table 7). Meanwhile, the average payback period of installing BioPCM Blanket is 5.8 years 
and the estimated cost to reduce 1 kWh energy is RM 0.0584 (refer Table 8). This cost analysis is purely based on the 
material cost only, in reality, the overall cost will includes labour cost to install the BioPCM Blanket and the extra cost to
install the insulation material on the wall and panel, then add a new panel on the insulation material and paint them. 
2300 Wan Iman Wan Mohd Nazi  et al. / Energy Procedia 142 (2017) 2295–2302Author name / Energy Procedia 00 (2017) 000–000 6
Presumably the overall retrofit cost to install the insulation material is higher than BioPCM Blanket which does not require 
deep renovation for the installation. As can be seen in Table 8, the payback period varied depending on the total cooling 
reduction in every floor which highly influenced by the sensible and latent cooling load. PCM reduced sensible cooling 
load (regulate the air temperature), but did not reduce latent cooling load (regulate the air humidity). Therefore, areas with
high latent cooling load (office floor 1 and 3, and cafeteria) experience lower percentage of cooling load reduction and 
higher payback period compared to other air conditioned areas. 
Table 4: Total external infiltration and cooling load in January and its percentage reduction in different scenarios for initial simulation (ground floor 
office).
Zone Configurations External Infiltration Total Cooling Load Cooling Reduction
kWh kWh %
Office space Baseline 2130.1 23093 0
BaselineV 1522.03 19932.6 13.69
PCMIns 1408.76 15619.67 32.36
Insulation 1408.76 15619.7 32.36
PCM 1567.06 17971.85 22.18
PCMV 949.2 11728.47 49.21
IT room Base 21.55 826.31 0
PCMIns 16.29 674.82 18.33
Insulation 16.29 674.72 18.34
PCM 20.91 821.92 0.53
Table 5: Total cooling load reduction in every office floor after the installation of PCMV.
Zone Base Retrofit Cooling load reduction Cooling load reduction
kWh kWh kWh %
Office GF 374,537.20 225,682.40 148,854.80 39.7
Office 1 331,774.50 248,638.60 83,135.90 25.1
Office 2 483,497.40 384,219.30 99,278.10 20.5
Office 3 476,984.40 400,724.20 76,260.20 16.0
Office 4 366,308.80 262,458.80 103,850.00 28.4
Office 5 398,350.30 285,075.30 113,275.00 28.4
Office 6 390,081.80 290,622.10 99,459.70 25.5
Office 7 377,979.20 241,547.30 136,431.90 36.1
Table 6: The energy consumption and cooling load before and after the retrofit.
Baseline Retrofit Reduction Reduction
(kWh) (kWh) (kWh) (%)
Total energy consumption 7179471.4 6229050.4 950421.0 13.2
Total cooling load 4213853.1 3271838.5 942014.6 22.4
Table 7: The economic analysis for the IT rooms (installation of insulation materials).
Zone Installation area Insulation cost Payback period Estimated energy reduction cost 
m² RM Year RM/kWh
IT rooms GF 66.5 6,916 6.8 0.0546
IT rooms L1 66.5 6,916 6.9 0.0556
IT rooms L2 66.5 6,916 6.6 0.0530
IT rooms L3 66.5 6,916 6.6 0.0531
IT rooms L4 66.5 6,916 6.9 0.0554
IT rooms L5 66.5 6,916 7.1 0.0568
IT rooms L6 66.5 6,916 6.6 0.0529
IT rooms L7 66.5 6,916 6.0 0.0486
Total 532 55,328 6.7 0.0537
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Table 8: The economic analysis for the offices, corridors and cafeteria (installation of PCMs).
Zone Installation area PCM cost Payback period Estimated energy reduction cost 
m² RM Year RM/kWh
Office GF 1731 225030 4.7 0.0378
Office 1 1731 225030 8.4 0.0677
Office 2 1731 225030 7 0.0567
Office 3 1731 225030 9.2 0.0738
Office 4 1731 225030 6.7 0.0542
Office 5 1731 225030 6.2 0.0497
Office 6 1731 225030 7 0.0566
Office 7 1731 225030 5.1 0.0412
Corridor GF 115 14950 4.5 0.036
Corridor 1 115 14950 3.7 0.0297
Corridor 2 115 14950 3.1 0.0251
Corridor 3 115 14950 3.2 0.0262
Corridor 4 115 14950 5.1 0.0408
Corridor 5 115 14950 6.8 0.055
Corridor 6 115 14950 2.5 0.0203
Corridor 7 115 14950 6.1 0.0488
Café 580 75400 9.1 0.0736
Total 15,348 1,995,240 5.8 0.0467
4. Conclusion 
The simulation data shows PCM when paired with higher u-value and ventilation is the most effective in providing free 
cooling and it is more effective compared to a fully insulated room for spaces with scheduled air conditioning (which does
not use air condition all day). Meanwhile, PCM when combined with insulation, is not as effective as PCM with ventilation 
and insulation on its own. The night time ventilation is necessary for PCM to discharge, ensuring its efficiency. Meanwhile 
for a room that uses cooling all day, such as IT room and data centre, fully insulated room provide more energy saving 
than PCMV installation. For a tropical weather country that experiences high humidity and low temperature at night time, 
walls with high u-value tend to promote moulding. Nighttime ventilation is an effective mean and low cost to avoid 
moulding for a building with high u-value in this climate region, and also to reduce cooling load during the day. For a 
retrofit project, adding encapsulated PCM in a sheet rolls (such as BioPCM Blanket) is more convenient, more cost 
effective and efficient in reducing cooling load in rooms with air condition operating during office hours. However, it is 
not possible to use it in 24 hours air conditioned room as it requires night time ventilation to discharge. 
Studies on performance gaps between simulation results of building integrated PCM simulation and actual experimental 
data is required to add confidence in the use of PCM in building’s modelling. It is also useful to investigate the impact of 
insulation, PCM and the combination of both on naturally ventilated buildings. In this study, the additional cooling system 
is still required since the heat gain is massive and PCM is not able to supply latent cooling. Further study to reduce 
simulation time for a building integrated PCM will be highly anticipated too due to the fact that simulation time for a 
building model that is integrated with PCM take a longer time to be completed. 
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